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(54) Apparatus and method for reception of optical burst 



(57) An office-side optical burst receiving apparatus 
in for example an optical PON transmission system 
which solves the problem of reception failure due to a 
low frequency response, constituted by being provided 
with a pre-anrtplifier circuit for amplifying an output from 
a light receiving element, a main amplifier circuit for 
receiving the output signal thereof and a threshold value 
as differential inputs and discriminating logics "1" and 
'*0*', a threshold control circuit having a "^l" level detec- 
tion circuit and a "0" level detection circuit of the output 



signal, and a memory/calculation circuit for updating 
and storing the value regarding the level of the detected 
logic whenever a cell signal is received. It further con- 
tains an adder circuit which defines substantially a half 
value of a difference of levels of the logics "1 " and "0" as 
a level value, adds the level of the logic "0" detected for 
the output signal now being received and the stored 
level, and applies the added value to the main amplifier 
circuit. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001 ] The present invention relates to an optical burst 
receiving apparatus. 

[0002] Along with the development of muftimedia tech- 
nology, optical communication using optical fibers has io 
been rapidly spreading. Particularly, while optical com- 
munication hithertofore had mainly spread at the trunk 
line side, in the future optical communication will mainly 
spread at the subscriber side for realizing Tiber to the 
home" (FTTH) systems. The "subscriber side" refen-ed is 
to here includes not only individual subscribers (users), 
but also local area networks (LANs) etc. Note that the 
"subscriber side" spoken of in the present invention may 
further include even a system performing communica- 
tion among two or more computers. 20 
[0003] In for example a passive optical network (PON) 
transmission system, the subscriber side is constituted 
by an optical splitter (star coupler) connected to the 
office side equipment via a common optical fiber trans- 
mission line and a plurality of units of subscriber side 25 
equipment individually connected to this optical splitter 
via individual optical fiber transmission lines. Here, 
downstream optical transmission from the office side 
equipment to each subscriber side equipment is carried 
out by continuously transmitting cell signals, while 30 
upstream optical transmission from the plurality of units 
of subscriber side equipment to the office side equip- 
ment is carried out by using time slots allotted to the 
units of subscriber side equipment In advance and 
transmitting the cell signals of each subscriber in a 35 
burst-like manner in a time division mode in units of 
cells each having a fixed bit length. 
[0004] Looking at the latter upstream optical transmis- 
sion, the office side equipment receives the bursts of 
cell signals from the optical transmission apparatuses of 40 
the units of subscriber side equipment. The present 
invention relates to an optical burst receiving apparatus 
which receives the burst-like cell signals in the office 
side equipment. This optical burst receiving apparatus 
receives cell signals having different levels of received 4s 
light for every time slot due to the difference of transmis- 
sion loss of the individual optical fiber transmission 
lines. Therefore, the automatic threshold control (ATC) 
and automatic gain control (AGO) for this become 
important subjects. so 

2. Description of the Related Art 

[0005] As an optical burst receiving apparatus in office 
side equipment used in for example the atx>ve PON ss 
transmission system, optical burst receiving circuits 
based on the following methods of control i) and ii) have 
already been disclosed: 



2 

i) The first is a high speed ATC/AGC method utiliz- 
ing a high speed level-detecting circuit and 

ii) The second is a system ATC/AGC method utiliz- 
ing sequence control information as one type of 
principal Information in a PON transmission sys- 
tem. 

[0006] As will be explained in detail later by referring 
to the drawings, in the system ATC/AGC method, both 
of a guard time (GD) and overfiead region (OH) are 
small. Accordingly, the transmission efficiency of the 
entire PON transmission system is extremely good. 
This is a major advantage not obtained in the high 
speed ATC/AGC method. 

[0007] However, there is also a disadvamage In this 
system ATC/AGC method. This Is the occurrence of a 
portion of the signal wherein discrimination of the logic 
by the threshold value (TH2) becomes difficult due to 
the low frequency response. This causes the problem of 
failed reception. Further, even if reception does not fail, 
there is the problem of deterioration of the bit error rate 
(BER). 

SUMMARY OF THE INVENTION 

[0008] Accordingly, in consideration with the above 
problem, an object of the present invention is to provide 
an apparatus and method for reception of an optical 
burst making maintenance of high transmission effi- 
cierK:y possible without causing a failure of reception 
due to a low frequency response or a deterioration of 
the bit error rate. 

[0009] To attain the above object, an optical burst 
receiving circuit according to the present invention Is 
constituted as follows. Namely, it is provided with a pre- 
amplifier drcuit for amplifying an output from a light 
receiving element, a main amplifier circuit for receiving 
the output signal thereof and a tiireshold value as differ- 
ential Inputs and discriminating logics "1" and "0", a 
threshold control circuit having a "1" level detection cir- 
cuit and a "0" level detection circuit of the output signal, 
and a memory/calculation circuit for updating arKl stor- 
ing the value regarding the level of the detected logic 
whenever a cell signal is received. It further contains an 
adder circuit which defines substantially a half value of 
a difference of levels of the logics "1" and "0" as a level 
value, adds the level of the logic "0" detected for the out- 
put signal now being received and the stored level, and 
applies the added value to the main amplifier circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The above object and features of the present 
invention will be more apparent from the following 
description of the preferred embodiments given with ref- 
erence to the accompanying drawings, wherein: 

Rg. 1 is a block diagram showing the principle of an 
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optical burst receiving apparatus according to the 
present invention; 

Fig. 2 is a view of a threshold value used in the opti- 
cal burst receiving apparatus according to the 
present invention; 

Fig. 3 is a flowchart illustrating the method of 
receiving an optical burst according to the present 
invention; 

Fig. 4 is a view concretely representing a principal 

part of the present invention; 

Fig. 5 is a view of a first emtxxjiment of the optical 

burst receiving apparatus according to the present 

invention; 

Fig. 6 is a first view of a second embodiment of the 
optical burst receiving apparatus according to the 
present invention; 

Fig. 7 is a second view of the second embodiment 
of the optical burst receiving apparatus according to 
the present invention; 

Fig. 8 is a view schematically showing a group-con- 
figuration optical burst receiving apparatus: 
Fig. 9 is a view schematically showing a multistage- 
configuration optical burst receiving apparatus; 
Fig. 1 0 is a view schematically showing an example 
of a transmission system to which the present 
invention is applied; 

Fig. 11 is a view of a circuit configuration of an opti- 
cal burst receiving apparatus operated by the high 
speed ATC/AGC method; 

Figs. 12A and 12B are views of waveforms of the 
principal parts in a receiving apparatus 10 of Fig. 
1 1 , particularly the waveform of the principal part in 
a threshold control circuit 14 and the output wave- 
form from a main amplifier circuit 18; 
Fig. 13 is a view of the circuit configuration of an 
optical burst receiving apparatus operated by the 
system ATC/AGC metiiod; 

Figs. 14A and 14B are views of waveforms of an 
output signal CLout of a case where there is no 
influence from a low frequency response and a 
case where there is an influence from a low fre- 
quency response: 

Fig. 15 is a view of the threshold value used in an 
optical burst receiving apparatus operated by the 
high speed ATC/AGC metiiod; and 
Fig. 16 is a view of the threshold value used in an 
optical burst receiving apparatus operated by the 
system ATC/AGC metiiod. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0011] Before describing the embodiments of the 
present invention, the related art and the disadvantages 
therein will be described with reference to the related 
figures. 

[0012] As already explained, as an optical burst 
receiving apparatus in the office side equipment used in 



for example the above PON transmission system, opti- 
cal burst receiving circuits based on the following con- 
trol methods i) and ii) have already been disclosed: 

i) The first is a high speed ATC/AGC method utiliz- 
ing a high speed level-detecting circuit and 

ii) The second is a system ATC/AGC method utiliz- 
ing sequence control information (explained later) 
as one type of principal Information in a PON trans- 
mission system. 

[0013] Figure 10 is a view schematically showing an 
example of a transmission system to which the present 
invention is applied. In this case, it is a PON transmis- 
sion system. 

[0014] In the figure, reference numeral 1 denotes tiie 
office side equipment which constitutes the ti^unk line 
side in cooperation with the other office side equipment 
1 shown at the right side in the figure. On the other 
hand, the apparatus 1 constitutes the subscriber side in 
cooperation with a plurality of units of subscriber side 
equipment (No. 1, No. 2, .... No. n) 5 shown at the left 
side in the figure. The present invention is related to the 
PON transmission system. 

[0015] In the PON transmission system, downstream 
optical transmission from the office side equipment 1 to 
the units of the subscriber side equipment 5 and 
upstream optical transmission from the units of the sub- 
scriber side equipment 5 to the office side equipment 1 
reverse to the same are carried out. The present inven- 
tion is related to the latter upstream optical transmis- 
sion. 

[0016] This upstream optical transmission is carried 
out by transmitting cell signals CL from the optical trans- 
mission apparatuses (indicated by electrical/optical 
converters *'E/0" in the figure) 6 in the units of sub- 
scriber side equipment 5 and wavelength division multi- 
plexers (WDM) 7 provided with a filtering function for 
preventing mutual interference with the downstream 
optical transmission. The cell signals CL pass through 
the individual optical fiber transmission lines 8. the opti- 
cal splitter (star coupler SC) 4. and a common optical 
fiber transmission line 9 common to the plurality of units 
of the subscriber side equipment 5 and reach the office 
side equipment 1 . The cell signals CL from the units of 
the subscriber side equipment 5 are transferred In 
bursts over this common optical fiber transmission line 
9. Note that, in the downstream transmission from the 
office side equipment 1 to the units of the subscriber 
side equipment 5. continuous cell signal trains are sent 
over the transmission lines 9 and 8. 
[001 7] In upstream optical transmission, tiie burst-like 
cell signals CL reaching the office side equipment 1 are 
received at a receiving apparatijs (indicated by an opti- 
cal/elecfa-ical converter "O/E^ 2 via a wavelength divi- 
sion multiplexer (WDM) 3 in the office side equipment 1 . 
The logics •'I" arid "0" of the data contained In each cell 
signal CL are discriminated there. The present Invention 
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relates to this receiving apparatus 2 - wtiich will be 
referred to here as an "optical burst receiving appara- 
tus". This is because it is an apparatus for receiving the 
optical cell signals in bursts. 

[0018] Figure 11 is a view of the circuit corrfiguration 
of an optical burst receiving apparatus operated by the 
high speed ATC/AGC method. The circuit configuration 
of an optical burst receiving apparatus operated by 
another method for comparison with this method, that 
is. the system ATC/AGC method, will be shown in Fig. 
13 explained later. Note that an explanation of the AGC 
division in Rgs. 1 1 and 13 will be omitted. 
[0019] Referring to Rg. 1 1 , an optical burst receiving 
apparatus 10 operated by the high speed ATC/AGC 
method has a light receiving element 11 which first 
receives burst-like optical cell signals CL from the units 
of the subscriber side equipment 5 at its input stage and 
converts them to electrical signals. 
[0020] The burst-like electrical cell signals from the 
light receiving element 1 1 are first transformed to low 
noise output signals at the pre-amplrfier circuit 12, and 
then supplied to a first input t of the main amplifier circuit 
18 on one hand via a buffer 13 and input to the thresh- 
old control circuit 14 on the other hand. The output from 
this threshold control circuit 14 is supplied to a second 
input II of the main amplifier circuit 18 as a threshold 
value. This threshold becomes a reference voltage 
when discriminating the logics "1" and "0" of the output 
signal (digital signal) CLout from the preamplifier circuit 
12 applied to the first input I at the main amplifier circuit 
18. 

[0021] The threshold level used as this reference volt- 
age is produced by the threshold control circuit 14. This 
is comprised of a "1" level detection circuit 15, a "0" level 
detection circuit 16, and a 1/2 voltage generating circuit 
17. The "1" level detection circuit 15 detects the level of 
the logic "1" of the output signal CLout, while the "0" 
level detection circuit 1 6 detects the level of the logic "0" 
of the signal CLout. The center value of detected levels 
from the "1" and "0" level detection circuits 15 and 16, 
that is, an intermediate value of the "1 " level and the "0" 
level, is given to the main amplifier circuit 18 as the 
threshold value from the 1/2 voltage generating circuit 
17. Here, in the main amplifier circuit 18. a signal CLout 
exceeding the threshold value is discriminated as the 
logic "1 while a signal CLout not exceeding the thresh- 
old value is discriminated as the logic **0*'. These signals 
are further amplified and reformed to give complemen- 
tary digital outputs (**1T0"). Note that these digital out- 
puts are supplied for example to a later retiming circuit 
(not illustrated) for bit synchronization. 
[0022] The "V level detection circuit 15 and the "0" 
level detection circuit 1 6 basically have the same config- 
uration. As illustrated, they comprise differential amplifi- 
ers (DAI. DAO), diodes (D1, DO), capacitors (C1. CO), 
and buffers (BUF1, BUFO). The diode D1 and diode DO 
are connected to each other with opposite polarities and 
charge the capacitors C1 and CO to the "1 ** level and the 



"0" level respectively. Here, one end of the capacitor Cl 
is connected to one end of the capacitor CO via BUFO. 
The "1" level fluctuates following the fluctuation of the 
"0" level. This situation is clear from Figs. 12A and 12B. 

5 [0023] Figures 12A and 12B show waveforms of prin- 
cipal parts in the receiving apparatus 10 of Fig. 1 1 . par- 
ticularly the waveform of the principal parts in the 
threshold control circuit 14 and the output waveform 
from the main amplifier circuit 18. 

10 [0024] In Fig. 12A, the waveform "0" is the output 
waveform of the "0" level detection circuit 16, while the 
waveform "V shifting in level following this output wave- 
form is the output waveform of the "1** level detection cir- 
cuit 15. The output wavelbrn of the 1/2 voltage 

15 generating circuit 17 for generating an intermediate 
value of the waveform "0" and the waveform "1" as a 
threshold value is indicated by TH" in the figure. 
[0025] The reason why that the waveform "0" and the 
waveform "1" gradually fall in Fig. 12A exists in the fol- 

20 lowing nature, i.e., the header part of the output signal 
CLout (called the "preamble" and comprising an alter- 
nating bit train of "1" and "0") rises In level with respect 
to the main part of the output signal CLout (mentioned 
later). Further, the "RESET" in the figure shows that the 

25 capacitors C1 and CO are reset by using a guard region 
between one cell signal and another cell signal. 
[0026] Figure 13 is a view of the circuit configuration 
of an optical burst receiving apparatus operated by the 
system ATC/AGC method. Note that the same constitu- 

30 ent elements are indicated by the same reference 
numerals or symbols throughout all of the figures. 
Accordingly, in the configuration forming the optical 
burst receiving apparatus 20 shown In the figure, the 
light receivirig element 11, the Pre-amplifier circuit 12, 

35 the buffer 13, the "1" level detection circuit 15 (15'), the 
"0" level detection circuit 16 (16*). and the main amplifier 
circuit 18 (18') are as explained referring to Fig. 1 1 . 
[0027] The part of the circuit configuration which char- 
acterizes the optical burst receiving apparatus operated 

40 by the system ATC/AGC method shown in Fig. 1 3 is the 
memory/calculation circuit 21 and. further, the threshold 
control circuit 24 (24*) further containing an A/D con- 
verter 25 (250, an A/D converter 26 (26*). and a D/A 
converter 27 (27*) necessary for cooperation with this 

45 memory/calculation circuit 21 . Note that the reason why 
there are two divisions of threshold control circuits as 
indicated by the reference numerals 24 and 24* arxl the 
reason why there are two divisions of main amplifier cir- 
cuits as indicated by the reference numerals 18 and 18* 

50 too are that by alternately switching for example the out- 
put signal CLout of odd numbered cells and the output 
signal CLout of even numbered cells at the first division 
(24, 18) and at the second division (24', 18*) and select- 
ing the output from one division by the selecting circuit 

55 28. the operating speed required in each division can be 
halved. Accordingly, the corrfiguration of the two divi- 
sions is not directly related to the principle of the system 
ATC/AGC method. 
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[0028] The principle of the system ATC/AGC method 
is best shown by the existence of the memory/calcula- 
tion circuit 21. The memory/calculation circuit 21 has 
memory areas for every subscriber, defines the level of 
the logic "r of the output signal CLout corresponding to 5 
0-1)th G = 1, 2, 3. 4...) cell signals sent from the sub- 
scribers as a and the level of the logic ^'O'* as b, and 
stores the a and b in the memory areas for every sub- 
scriber. The threshold value TH used for the discrimina- 
tion of the logics "1" and "0** of the output signal CLout 10 
corresponding to the j-th celt signal at the main amplifier 
circuit 18 (IQ*) is found for each subscriber by calcula- 
tion from the values of the above a and b stored in the 
memory/calculation circuit for the output signal CLout 
con-esponding to the immediately previous (O-I)th) cell 75 
signal of each subscriber. A value C (= {a-i-b}/2) in the 
figure obtained by this calculation is used for the dis- 
crimination of the logics "1" and "0" of the currently 
received (j-th) output signal CLout. This value C corre- 
sponds to an intermediate value of the values a and bt 20 
and corresponds to the level TH of Fig. 12A. In this way, 
as the threshold value used for the discrimination of the 
logics "1 " and "0" of the current output signal CLout, the 
value C is found by calculation (C = (a+b)/2) from the 
level of the logic "1" and the level of the logic **0" which 25 
have been obtained in the immediately previous output 
signal CLout. therefore this system ATC/AGC method 
has the advantage that the operation may be performed 
at a low speed conpared with the high speed ATC/AGC 
method. 30 
[0029] The optical burst receiving apparatus accord- 
ing to the present invention is designed to overcome the 
later explained problems resulting from well known phe- 
nomenon of the "low frequency response" of a photodi- 
ode. therefore first an explanation wilt be made of this 35 
low frequency response. 

[0030] Figure 14A is a view of the waveforms of the 
output signal CLout of a case where there is no influ- 
ence from a low frequency response, white Fig. 14B is a 
view of the waveforms of the output signal CLout of a 40 
case where there is an influence from a low frequency 
response. 

[0031] In Figs. 14A and 14B, the abscissa represents 
the time, and the ordinate represents the levels of the 
logics "1 " and "0" of the output signal CLout. 45 
[0032] In a PON transmission system, the office side 
equipment 1 has sequence control information. This 
sequence control information is information for control- 
ling the sequence, that is, in what time slot and from 
which subscriber (i... k...) a cell signal should be sent so 
Each subscriber has received this sequence control 
information in advance. That is. the timing of the trans- 
mission of the cell signal from each subscriber is 
assigned. In Figs. 14Aand 14B, an example is shown in 
which the optical burst receiving apparatus (2, 1 0, 20) in ss 
the office side equipment 1 receives burst-like cell sig- 
nals from subscribers in a sequence such as a sub- 
scriber k (subscriber other than the subscriber i) -> 



subscriber i -> subscriber k -> subscriber i .... The 
level of the logic "1" is substantially the same for the 
same sulDscriber i, but the level of the logic "1" is differ- 
ent for different subscribers k (k = 1 , 2, 3...). The reason 
for this is that, as shown in Fig. 10, since the length etc. 
of the individual optical fiber transmission lines 8 for 
connecting the optical splitter (SC) 4 and each sub- 
scriber side equipment 5 are different, the transmission 
loss is different for each of tfie individual optical fiber 
transmission lines 8. 

[0033] Further, OH in the figure denotes the overhead 
region in the bit format composing the input cell signal 
corresponding to each output signal CLout and contains 
the preamble. After this overhead region OH comes the 
payload region PL containing the inherent data informa- 
tion and destination information. Further, GD in the fig- 
ure denotes the guard time. This is a space for 
preventing collision between adjacent cells. 
[0034] Looking at Fig. 14A first, no abnormality is 
seen in the waveforms of the output signal CLout. This 
is because Fig. 14A shows a case where there is no 
influence from the low frequency response. Here, the 
"low frequency response" is a phenomenon inherent in 
the photodiode serving as the light receiving element 
11. This phenomenon is caused due to the fact that 
electrons and holes generated by the light (ceil signal) 
received at a region where an electric field generated 
inside the photodiode is small or a region where such an 
electric field has not been produced disappear with a 
long time constant (for example 1 to 100 |is). 
[0035] When there is such an influence of a low fre- 
quency response, the series of output signals CLout 
shown in Fig. 14A appears with a distinctive waveform 
as shown in Fig. 14B. The "distinctive waveform" means 
that, first, the level of the logic "0" of the output signal 
CLout which appears in a burst as illustrated is gradu- 
ally lifted and, second, in the subsequent output signal 
CLout which soon appears after a guard time GD imme- 
diately after the above output signal CLout, the rising 
portion thereof (OH) is pulled up, then the level gradu- 
ally settles to the original level of "0" (dragging) (refer to 
Fig. 12B). Further, third, it means that a larger lifting ten- 
dency and dragging tendency appear in an output sig- 
nal CLout having a larger logic ^'l" level. The present 
invention relates to a technique for processing the out- 
put signal CLout accompanied with the distinctive wave- 
form shown in Fig. 14B due to the low frequency 
response. 

[0036] Figure 15 is a view of the threshold value used 
in an optical burst receiving apparatus operated by the 
high speed ATC/AGC method. Namely, the threshold 
value used in the optical burst receiving apparatus 
shown in Fig. 11 (second input II of the main amplifier 
circuit 18) veiries as indicated by a dotted line TH1 of 
Fig. 15. Particularly, in the large dragging portion seen 
at the header of a cell immediately following a cell 
appearing with a large "1" level, like the two output sig- 
nals CLout shown at the right side in Fig. 1 5, the thresh- 
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old value TH1 faithfully follows the related change, so 
the intermediate value of the levels of the logics "1 " and 
"0" (refer to TH of Fig. 12 A) is secured. This Is a major 
advantage. 

[0037] There is, however, also a disadvantage. Refer- s 
ring to Rg. 15. the guard time GD is large and also the 
overhead region OH is large. This is extremely disad- 
vantageous from the viewpoint of the transmission effi- 
ciency of the entire PON transmission system. The 
reason why the guard time GD becomes large and also 
the overhead region OH becomes large in this way is as 
follows. 

[0038] In the circuit configuration of Fig. 1 1 , whenever 
each cell signal CL is received, the "1" le/el detection 
circuit 1 5 and the "0" level detection circuit 1 6 for detect- 
ing the levels of the logics "1" and "0" of the electrical 
output signal CLout must be reset to an initial state 
before the reception of the light. That is, the capacitors 
CI and GO inside these circuits 15 and 16 must be reset 
(refer to "RESET" of Fig. 12A). This reset must be fully 
completed in the space of the guard time GD before 
actually receiving the cell signal CL As a result, the 
guard time GD becomes large. 

[0039] Further, the "1" and "0" level detection circuits 
15 and 16 charge the capacitors CI and CO from the 
first at the time of every reset, therefore a long length of 
the preamble (alternating bits of logics "1 " and "O") must 
be provided for this charging. This preamble is con- 
tained in the header portion of each output signal 
CLout. As a result, the overhead region OH becomes 
large. 

[0040] Figure 16 is a view of the threshold value used 
in an optical burst receiving apparatus operated by the 
system ATC/AGC method. Namely, the threshold value 
used in the optical burst receiving apparatus shown in 
Fig. 13 (second input II of the main amplifier circuit 18) 
varies as indicated by a dotted line TH2 in Fig. 16. 
[0041] As apparent from Fig. 16, under the system 
ATC/AGC method, the guard time GD is small and the 
overhead region OH is small. Accordingly, the transmis- 
sion efficiency of the entire PON transmission system is 
extremely good. This is a major advantage which is not 
obtained with the high speed ATC/AGC method. 
[0042] The reason that both of the guard time GD and 
the overhead region OH can be made small in this way 
is that both of the reset operation in the guard time GD 
and the charging operation in the overhead region OH 
become unnecessary unlike the case according to the 
high speed ATC/AGC method. This is because, under 
the system ATC/AGC method, when viewing the sub- 
scriber i, as the threshold value to be used for the dis- 
crimination of the currently received (j-th) output signal 
CLout relating to the subscriber i. the stored threshold 
value obtained based on the immediately preceding((j- 
1)th) output signal CLout relating to this subscriber i is 
used. Here, attention was paid to the fact that while the 
levels of threshold values used by different subscribers 
were different, when viewing only individual subscriber i. 



there was almost no change in levels between the G- 
1)th cell signal CL and the j-th cell signal CL. 
[0043] As already explained, however, there is also a 
disadvantage in this system ATC/AGC method. This is 
the ocojrrence of a portion of the signal wherein dis- 
crimination of the logic by the threshold value (TH2) 
becomes difficult due to the low frequency resFX)nse. 
This causes the problem of failed reception. Further, 
even if reception does not fail, there is the problem of 
deterioration of the bit error rate (BER). 
[0044] Accordingly, the present invention provides an 
apparatus and method for reception of an optical burst 
making maintenance of high transmission efficiency 
possible without causing a failure of reception due to a 
low frequency response or a deterioration of the bit error 
rate. These will be explained in detail below. 
[0045] Figure 1 is a block diagram illustrating the prin- 
ciple of the optical txirst receiving apparatus according 
to the present invention. The optical burst receiving 
apparatus 30 of the present invention, in the same way 
as the optical burst receiving apparatus 20 of the sys- 
tem ATC/AGC method shown in Fig. 13, has a light 
receiving element 11. a pre-amplifier circuit 12. a 
threshold control circuit 14 comprising a "1" level detec- 
tion circuit 15 and a "0" level detection circuit 16, and a 
main amplifier circuit 18. At the same time, it contains a 
memory/calculation circuit 31 different from the mem- 
ory/calculation circuit (21) and a new adder circuit 32. 
[0046] Namely, the optical burst receiving apparatus 
30 according to the present invention is provided with 

(i) a pre-amplifier circuit 12 for amplifying the output 
from the light receiving element 11 receiving the 
ceil signal CL sent from each subscriber i; 

(ii) a main amplifier circuit 1 8 receiving as its differ- 
ential inputs the output signal CLout from the 
preamplifier circuit 12 and the threshold value TH3 
(Rg. 2), discriminating the logics "1" and "0" of the 
output signal CLout by using this threshold value 
TH3 as a reference voltage, and further amplifying 
this and outputting the same; 

(iii) a threshold control circuit 14 having a *'1'* level 
detection circuit 15 and a "0" level detection circuit 
16 respectively detecting the level of the logic "1" 
and the level of the logic '^O'' of the output signal 
CLout; and 

(iv) a memory/calculation circuit 31 for updating val- 
ues concerning the level of the detected logic "1" 
and the level of the detected logic "0" whenever a 
cell signal CL sent from each subscriber i is 
received and storing the values in the memory area 
assigned to the subscriber. 

[0047] It is constituted so that the memory/calculation 
circuit 31 receives as its inputs a level Aj of the logic "1** 
and a level Bj of the logic "0" from the threshold control 
circuit 14, obtains a value C (= (Aj.^-Bj..,)/2) of almost 
a half of the difference of these levels by calculation. 
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and outputs the same as the level value. 
[0048] The threshold control circuit 1 4 further contains 
an adder circuit 32 for adding the level of the logic •'0" 
detected by the "0" level detection circuit 16 and the 
level value stored In the memory area for the currently s 
received output signal CLoutd). The added value (TH3) 
from this adder circuit 32 is applied to the second Input 
II of the main amplifier circuit 18 as the threshold value 
TH3. 

[0049] Figure 2 is a view of the threshold value used io 
in the optical burst receiving apparatus according to the 
present invention. This threshold value is TH3. Accord- 
ing to the configuration of the present invention, the 
problem of reception failure indicated by a mark o (cir- 
cle) in Fig. 16 in the case of the system ATC/AGC is 
method of the related art is solved. This is because, 
even in the header portion in the output signal CLout 
from the subscriber i, the threshold value TH3 has 
become substantially an intermediate value of the levels 
of the logics "1" and "0". .20 
[0050] In addition, as shown in Fig. 2, both of the 
guard time GD and overhead region OH are small so 
the advantage derived from the system ATC/AGC 
method of the related art explained referring to Fig. 16 is 
maintained as it is. 25 
[0051] The principle of generation of the threshold 
value TH3 according to the present invention is com- 
pletely different from the principle of generation of the 
threshold value TH2 of the related art shown in Fig. 16. 
That is, it is as follows. 30 
[0052] The threshold value TH2 of the related art is 
found by c = (a+b)y2 as shown by the c shown in Fig. 
13. That is. a value (a+b) of addition of the level (a) of 
the logic "1" and the level (b) of the logic "0" for the Q- 
1)th cell signal CL is found, this is halved, and the result 35 
is defined as the threshold value TH2 (a+b}/2) for 
the current j-th cell signal CL 

[0053] Contrary to this, to find the threshold value TH3 
of the present invention, a level difference (Aj.i-Bj,^) 
between the level (Aj.^) of the logic "I and the level (Bj. 4o 
1) of the logic "0" for the 0-1)th cell signal CU that is, the 
anrtplitude, is found, this is halved, and the value C of a 
half of the amplitude, i.e., (Aj.i-Bj.^)/2, is found. Then, 
for the output signal Bj for the currently received j-th cell 
signal, the value C of the half of the difference, i.e., (A|. 45 
i-Bj.i)/2, is imposed at the adder circuit 32 to obtain the 
threshold value TH3 (= C+Bj) . By this, the Bj of the 
dragging portion is reflected on the threshold value TH3 
as it is at the header portion of the output signal CLout 
so the threshold value TH3 can follow the related so 
change even at the header portion. 
[0054] Figure 3 is a flowchart for illustrating the 
method of receiving an optical burst according to the 
present invention. The operation of the optical burst 
receiving apparatus can be understood also as the ss 
method represented In the figure. 
[0055] The method of receiving an optical burst 
according to the present invention comprises the follow- 



ing steps: 

Step SI : Receive the cell signal CL of the light at 
the light receiving element 11 and generate the 
electrical output signal CLout. 
Step S2: Detect the level of the logic "1" and the 
level of the logic "0" of the output signal CLout 
(threshold control circuit 14). 
Step S3: Store the level Aj.^ of the detected logic "1 " 
and the level Bj.i of the logic "0" (memory area of 
the memory/calculation circuit 31). 
Step S4: Find the value C of a half of the difference 
between the level Aj.i of the stored logic "1 ** and the 
level Bj.1 of the logic "0" (calculation at the mem- 
ory/calculation circuit 31). 

Step S5: Add the level Bj of the logic "0" detected 
for the currently received output signal CLout and 
the value C of half of the difference to generate the 
threshold value TH3 (adder circuit 32). 
Step S6: Discriminate the logics "1" and "0" of the 
currently received output signal CLout by using the 
threshold value TH3. 

[0056] Figure 4 is a view illustrating in more detail the 
principal parts of the present Invention. That is, it shows 
the part of the threshold control circuit 14 comprising 
the "1" level detection circuit 15 and the "0" level detec- 
tion circuit 16, the memory/calculation circuit 31, and 
tiie adder circuit 32 in the configuration of Fig. 1 . Figure 
4, as an actual example, shows the A/D converters 25 
and 26 and a D/A converter 27. 
[0057] The level Aj (analog) of the detected logic "I" 
and the level Bj (analog) of the logic "0" are respectively 
converted to the digital values Xj and Yj via the A/D con- 
verters 25 and 26 and stored In the corresponding 
memory areas in the memory/calculation circuit 31 . 
[0058] When the cell signal CL is newly received and 
the j-th output signal CLout corresporKJing to this is 
input to the threshold control circuit 14, the memory/cal- 
culation circuit 31 reads the digital values Xj.-i and Yj.^ 
for the output signal CLout Q-1) corresponding to the 
immediately preceding (j-l)th cell signal input from the 
same subscriber and further calculates the intermediate 
value (digital) Zj.^ thereof to obtain 2^.^ = (X^i-Yj..,)/2 . 
[0059] The intermediate value Zj.^ is converted to an 
analog value C by the D/A converter 27. Here, C equals 
(Aj.-|-Bj. i)/2. Further, in the adder circuit 32, the thresh- 
old value TH3 Is obtained by adding the level Bj of the 
logic "0" of CLout detected by the currently received out- 
put signal CLout and the above C. Here. TH3 equals 
C+Bj. 

[0060] Figure 5 is a view of a first embodiment of the 
optical burst receiving apparatus according to the 
present invention. This is characterized in that a voltage 
dividing circuit 34 and a first switch circuit 35 are pro- 
vided. Namely, the threshold control circuit 14 further 
contains a voltage dividing circuit 34 for outputting a 
voltage of substantially half of the sum of the output volt- 
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ages from the "1" level detection circuit 15 and the "0" 
\&/e\ detection circuit 16 and a first switch circuit 35 for 
selecting the output voltage from this voltage dividing 
circuit 34 or the added value from the adder circuit 32 
and outputting the same to the main amplifier ctrcurt 18. 5 
[0061] The first switch circuit 35 selects the output 
voltage from this voltage dividing circuit 34 and outputs 
this at an initial state where the level value has not been 
stored in the memory area. 

[0062] In a PON transmission system, the operation of 
the initial start-up of the system is important. The office 
side equipment 1 must prepare sequence control irrfor- 
mation indicating which subscriber must transmit its sig- 
nal by what time slot for each of a plurality of 
subscribers. The most important information when pre- 
paring this sequence control information is the delay 
time for every subscriber. This delay time is obtained by 
measuring a round trip time until a cell signal sent from 
the office reaches each subscriber and returns again. 
[0063] When performing this measurement, that is, at 
the initial state of the system, no level value is stored in 
the memory area for each subscriber in the mem- 
ory/calculation circuit 31. Accordingly, of course, the 
threshold value TH3 also cannot be generated. There- 
fore, the threshold control circuit 14 cannot operate at 
all. For this reason, it Is also not possible to measure the 
round trip time. 

[0064] Therefore, at the above initial state of the sys- 
tem where no data is set in the memory areas, genera- 
tion of the threshold value TH3 without the 
memory/calculation circuit 31 becomes necessary. This 
is done by the voltage dividing circuit 34. 
[0065] The voltage dividing circuit 34 receives the 
detection level ("1") of the "1" level detection circuit 15 
and the detection level ("0") of the "0" level detection cir- 
cuit 1 6 at the two ends of two series-connected resistors 
and outputs a voltage corresponding to the intermediate 
value of the two from its intermediate connection point. 
This intermediate value becomes the threshold value 
TH3. 

[0066] The first switch circuit 35 selects either of the 
output from the voltage dividing circuit 34 or the output 
from the adder circuit 32 in accordance with whether the 
system is in its initial start-up (#1) or is in its usual oper- 
ation (#2) and supplies this as the threshold value TH3 
to the second input II of the main amplifier circuit 18. 
Note that the signal by which the first switch circuit 35 
selects the #1 side or the #2 side can be given by the 
sequence control information. 

[0067] Where it is desired to realize the configuration 
explained above, generally, it can be considered to pro- 
vide "1" and "0" level detection circuits for the #1 side 
and also provide "1 " and *'0" level detection circuits for 
the #2 side. In the configuration of Fig. 5, however, a 
structure wherein the "1 " and "0" level detection circuits 
of the #1 side are commonly used as the "1" and ''O" 
level detection circuits of the #2 side is adopted. Here, 
attention was paid to the fact that high speed operation 



14 

is not required at the initial start-up of a system in com- 
parison with the time of usual operation. 
[0068] As a result, in comparison with the case where 
"r and "0" level detection circuits of a first division and 
a second division are provided respectively independ- 
ently on the #1 side and the #2 side, there are <1 )the 
advantage that there is no relative circuit error between 
divisions and <2)the advantage that since the two divi- 
sions are realized by a single division, the size of the cir- 
cuit can be reduced and it becomes possible to achieve 
a reduction of cost and a reduction of power consump- 
tion. 

[0069] The above explanation was made of the ATC 
part as the main constituent part of the threshold control 
circuit 14. However, the threshold control circuit 14 prac- 
tically includes the AGO part as well. The second 
embodiment of the present invention explained below 
proposes the concrete configuration of the AGC part. 
[0070] Figure 6 and Fig. 7 are views of the second 
embodiment of the optical burst receiving apparatus 
according to the present invention. 
[0071] Referring to Fig. 7, the threshold control circuit 
1 4 is provided with a main amplification gain control unit 
40 for controlling the amplification gain of the main 
amplifier circuit 18. This main amplification gain control 
unit 40 contains an amplification gain control circuit 41 
which outputs a control signal Cg for controlling the 
amplification gain of the main amplifier circuit 18. The 
amplification gain control circuit 41 is controlled in 
accordance with the level value C stored in the mem- 
ory/calculation circuit 31 . 

[0072] The control of the amplification gain (AGC) is 
carried out based upon the amplitude of the output sig- 
nal CLout supplied to the first input I of the main ampli- 
fier circuit 18. Usually, the amplitude of the output signal 
CLout input is detected every instant in real time and fed 
back to the main amplifier circuit 18. With this method, 
the operation from the detection of the amplitude to the 
feedfoward must be carried out at an extremely high 
speed, so this is disadvantageous. 
[0073] However, taking note of the term (X|.i-Y|.i) in 
the output Zj.i from the memory/calculation circuit 31, 
this term truly shows the amplitude value (digital) of the 
output signal CLout. If the amplitude value obtained for 
the immediately preceding cell of the same subscriber 
is utilized, the AGC can be executed at a low speed. 
[0074] More specifically, the analog amplitude value 
(Aj.i-Bj.i) obtained via the D/A converter 27 is given as 
the amplitude information to the amplification gain con- 
trol circuit 41. Then, the intended control signal Cg is 
obtained. 

[0075] However, at the initial state of the system (time 
of initial start-up), no level value has been stored in the 
memory areas for respective subscribers in the mem- 
ory/calculation circuit 31. Accordingly, of course,, the 
analog amplitude value (Aj.i-Bj.i) also cannot be gener- 
ated. Therefore, the main amplification gain control unit 
40 cannot operate at all. 
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[0076] Therefore, at the initial state of the system 
where no level value has been set in the memory areas, 
it becomes necessary to detect the amplitude of the out- 
put signal CLout without using the memory/calculation 
circuit 31 . 5 
[0077] For this reason, the main annplification gain 
control unit 40 further contains an amplitude detection 
circuit 42 for receiving as its inputs the level of the logic 
"r and the level of the logic "0" detected at the thresh- 
old control circuit 14 and outputting the amplitude infor- io 
mation la by the difference of these levels and contains 
a second switch circuit 43 for selecting the amplitude 
information la or the level value C stored in the mem- 
ory/calculation circuit 31 and outputting the same to the 
arrplification gain control circuit 41. This second switch is 
circuit 43 selects the anrplitude information la from the 
amplitude detection circuit 42 at the initial state where 
no level value C has been stored in the memory areas 
31 and outputs the same. 

[0078] Whether the second switch circuit 43 selects 20 
the #1 side at the initial state of the system or the #2 
side at the time of usual operation can be determined by 
the sequence control information. 
[0079] The amplitude detection circuit 42 commonly 
uses the "1" level detection circuit 15 and the "0** level 25 
detection circuit 16 (Fig. 6) in the threshold control cir- 
cuit 14 as shown in the figure. That is, the "1" level 
detection circuit and the "O" level detection circuit are 
not separately provided independently for the amplitude 
detection circuit 42. By this, in comparison with the latter 30 
case (where they are separately independently pro- 
vided), the former case (common use) has <1 > the 
advantage that there is no relative circuit error and (2 ) 
the advantage that since the circuit is realized by a sin- 
gle division (15, 16). the size of the circuit can be 35 
reduced, the cost reduced, and the power consunrtption 
reduced. 

[0080] Referring to Fig. 6, the threshold control circuit 
14 is provided with a pre-amplification characteristic 
control unit 50 for controlling the amplification charac- 40 
teristics of the pre-amplifier circuit 12. This pre-amplifi- 
cation characteristic control unit 50 contains a pre- 
amplification characteristic control circuit 51 which out- 
puts a pre-amplification control signal Cgp for corttrolling 
the anrplification characteristics of the preamplifier dr- 45 
cuit 12. This pre-amplification characteristics control cir- 
cuit 51 is controlled in accordance with the level value C 
stored in the memory/calculation circuit 31. 
[0081] The control of the pre-amplification character- 
istics (AGO) is carried out based upon the amplitude of so 
the output signal Pout from the pre-anrplifier circuit 12. 
Usually, the amplitude of the output signal Pout from the 
circuit 1 2 is detected at every Instant in real time and fed 
back to the pre-anplifier 12 A. With this method, the 
operation from the detection of anrtplitude to the feed- ss 
back must be carried out at an extremely high speed, 
which is a disadvantage. 

[0082] However, taking note of the term (Xj.i-Yj.i) in 



the output Zj.^ from the memory/calculation circuit 31 , 
this term truly shows the amplitude value (digital) of the 
output signal CLout correlated with the output signal 
Pout. If the amplitude value obtained for the immediately 
preceding cell of the same subscriber is utilized, the 
control of the pre-amplification characteristics (AGC) 
can be carried out at a low speed. 
[0083] More specifically, the analog amplitude value 
(Aj.i-Bj.i) obtained via the D/A converter 27 is given as 
the amplitude information to the pre-amplification char- 
acteristic control circuit 51. Then, the intended pre- 
amplification control signal Cgp is obtained. 
[0084] However, at the initial state of the system (time 
of initial start-up), no level value is stored in the memory 
areas for respective subscribers in the memory/calcula- 
tion circuit 31. Accordingly, naturally, the analog ampli- 
tude value (Aj^i-Bj.^) also cannot be generated, 
therefore the pre-amplification characteristic control unit 
50 cannot operate at all. 

[0085] Therefore, at the initial state of the system 
where no level value has been set in the memory areas, 
it becomes necessary to detect the amplitude of the out- 
put signal Pout without the memory/calculation circuit 
31. 

[0086] For this reason, the pre-amplification charac- 
teristic control unit 50 further contains a signal ampli- 
tude detection circuit 52 which outputs an automatic 
gain control signal AC for performing the automatic gain 
control of the pre-amplification circuit and contains a 
third switch circuit 53 for selecting the automatic gain 
control signal or the level value C stored in the mem- 
ory/calculation circuit 31 and outputting the same to the 
pre-amplrfication characteristic control circuit 51. Tlie 
third switch circuit 53 selects the automatic gain control 
signal from the signal amplitude detection circuit 52 at 
the initial state where no level value has been stored in 
the memory areas and outputs the same. 
[0087] Whether the third switch circuit 53 selects the 
#1 side at the initial state of the system or the #2 side at 
the time of a usual operation can be determined the 
already explained sequence control information. 
[0088] Looking at the pre-amplification characteristic 
control circuit 51 , this controls at least one of an open 
loop gain of the pre-amplifter circuit (annplifier 12A). a 
feedback resistor Rf constituting this pre-amplifier circuit 
(amplifier 12A). and a by-pass current flowing through a 
by-pass current source 19 added to the input stage of 
the pre-amplifier circuit 12. 

[0089] In Fig. 6, an example of simultaneously control- 
ling all of these open loop gain, feedback resistor Rf, 
and the by-pass current is shown. The feedback resistor 
Rf is a transimpedance type feedback resistor and can 
be constituted by a field effect transistor (FET). The sig- 
nal Cgp is applied to the gate of this FET. Further, the 
by-pass current source 19 feeding the by-pass cun'ent 
can also be constituted by a FET, and the signal Cgp 
applied to the gate of this FET. 

[0090] Note that. Fig. 6 is drawn so that the same 
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preamplrfication control signal Cgp is applied to all of the 
amplifier 12A. the feedback resistor Rj, and the by-pass 
current source 19, but this is for convenience in illustra- 
tion. In actuality, these three types of signals Cgp are dif- 
ferent from each other in phase or level. An adjusting 5 
means (not illustrated) for this purpose can be respec- 
tively built In the by-pass current source 19. the feed- 
back resistor Rf, and the amplifier 12A concerned. 
[0091] Above, a detailed explanation was made of the 
threshold control circuit 14 and the memory/calculation 10 
circuit 31 according to the present invention. Next, a few 
structural examples will be shown regarding the overall 
configuration of the optical burst receiving apparatus 
30. 

[0092] Figure 8 is a view schematically showing a is 
group-configuration optical burst receiving apparatus. In 
the figure, a triplex-configuration optical burst receiving 
apparatus 30* comprising the threshold control circuits 
14-1, 14-2, and 14-3 is shown as an example. The 
apparatus 30' is provided with at least two threshold 20 
control circuits (14-1, 14-2, and 14-3) having the same 
configurations as that of the threshold control circuit 14. 
These threshold control circuits are commonly con- 
nected to the pre-amplifier circuit 12. the memory/calcu- 
lation circuit 31, and the main amplifier circuit 18. The 2s 
plurality of cell signals CL to be continuously input are 
allocated to and processed by these threshold control 
circuits 14-1, 14-2, and 14-3 in order. 
[0093] When assuming now that the cell signals CL 
which are input are as CL1 . CL2, CL3, CL4,..., 30 

the threshold control circuit 14-1 handles the 
processing of the output signals CLoutI , particu- 
larly the cell signals CL1. CL4, CL7, CLIO 

the threshold control circuit 14-2 handles the 35 
processing of the output signals CLout2. particu- 
larly the cell signals CL2. CL5, CL8. CL11,.... and 
the threshold control circuit 14-3 handles the 
processing of the output signals CLout3, particu- 
larly the cell signals CL3, CL6. CL9, CL12 40 

[0094] By doing this, the memory/calculation circuit 31 
need only execute the four series of processing which 
should be carried out when one cell signal is input to the 
optical burst receiving apparatus 30', that is, 45 

<1 >a first processing for detecting the level of the 
logic "1" and the level of the logic "0" of the output 
signal CLout. 

<2 )a second processing for storing the level of the so 
detected logic "r and the level of the detected logic 

<3>a third processing for finding the intermediate 
value of the level of the stored logic "1 " and the level 
of the stored logic "0", and 55 
<4>a fourth processing for adding the level of logic 
'•0* detected for the currently received output signal 
CLout and the intermediate value to generate the 



threshold value TH3, 

at a speed of about 1/3 the speed of the case 
where this is done by a single threshold control cir- 
cuit 14. This leads to a reduction of the costs as 
well. 

[0095] If a duplex configuration (14-1 and 14-2) is 
adopted, one threshold control circuit 14-1 may handle 
the odd numbered cell signals and the other threshold 
control circuit 14-2 may handle the even numbered cell 
signals. 

[0096] Which threshold control circuit (14-1. 14-2. or 
1 4-3) is to be made active each time a cell signal is input 
can be determined by the already explained sequence 
control information. 

[0097] Figure 9 is a view schematically showing a 
multistage configuration optical burst receiving appara- 
tus. In the figure, as an example, a three-stage configu- 
ration optical burst receiving apparatus 30" comprising 
the threshold control circuits 14, 14-1. and 14-2 and the 
memory/calculation circuits 31. 31-1, and 31-2 respec- 
tively accompanying the same is shown. 
[0098] This optical burst receiving apparatus 30" is 
constituted by connecting in cascade at least one 
threshold control/main amplification stage (60) compris- 
ing the threshold control circuits 14-1 and 14-2 having 
the same configurations as that of the threshold control 
circuit 14 and the main amplifier circuits 18-1 and 18-2 
having the same configurations as that of the main 
amplifier circuit 18 to the output side of the main ampli- 
fier circuit 1 8 together with the memory/calculation cir- 
cuits (31-1,31-2) respectively accompanying the same. 
[0099] It has been known that the input of the amplifier 
circuit of the main signal system, that is, the main ampli- 
fier circuit, potentially includes a so-called "offset volt- 
age". When this offset voltage is potentially included, 
the pulse width of the output thereof varies. When sam- 
pling of the signal Is carried out in a latter retiming circuit 
(not illustrated), it becomes difficult to correctly sample 
the center thereof. 

[01 00] It is to cancel out such an offset voltage, which 
becomes a cause of fluctuation of the pulse width, that 
the above multistage cascade connection configuration 
is adopted by the optical burst receiving apparatus 30" 
of the present figure. 

[01 01 ] As explained above, according to the present 
invention, in the optical burst receiving apparatus oper- 
ated by the system ATC/AGC method, the problem of 
reception failure shown in Fig. 16 due to the low fre- 
quency response can be efficiently solved by addition of 
extremely simple hardware and modification of the 
method of calculation in the memory/calculation circuit 
[0102] While the invention has been described with 
reference to specific embodiments chosen for purposes 
of illustration, it should be apparent that numerous mod- 
ifications could be made thereto by those skilled in the 
art without departing from the basic concept and scope 
of the invention. 



10 



19 



EP 0 909 046 A2 



20 



Claims 

1 . An optical burst receiving apparatus provided with: 

a pre-amplifier circuit for amplifying an output s 
from a light receiving element receiving ceil sig- 
nals sent from subscribers; 
a main amplifier circuit receiving as its differen- 
tial inputs the output signal from said pre-ampli- 
fier circuit and a threshold value, discriminating io 
logics "1" and "0" of the output signal by using 
the threshold value as a reference voltage, and 
further amplifying and outputting the same; 
a threshold control circuit having a "1" level 
detection circuit and a "0" level detection drcuit is 
respectively detecting a level of the logic "1" 
and a level of the logic "0" of said output signal; 
and 

a memory/calculation circuit for updating val- 
ues concerning the level of the detected logic 20 
"1 " and the level of the detected logic "0" when- 
ever a cell signal sent from each said sub- 
saiber is received and storing the values in a 
memory area assigned to respective subscrib- 
ers; 25 
said memory/calculation circuit receiving as its 
inputs a level of said logic "1 " and a level of the 
logic "0" from said threshold control circuit, 
obtaining a value of substantially a half of the 
difference of these levels by calculation, and 30 
outputting the same as said level value; 
said threshold control circuit further containing 
an adder circuit for adding the level of the logic 
"0" detected by said "0" level detection circuit 
and said level value stored in said memory 35 
area for said output signal which is now being 
received; and 

an added value from the adder circuit being 
supplied to said main amplifier circuit as said 
threshold value. 40 



2. An optical burst receiving apparatus according to 
claim 1. wherein: 

said threshold control circuit further contains a 45 
voltage dividing circuit for outputting a voltage 
of substantially a half of a sum of output volt- 
ages from said "1" level detection circuit and 
"0" level detection circuit and contains a first 
switch circuit for selecting the output voltage so 
from the voltage dividing circuit or the added 
value from said adder circuit and outputting the 
same to said main amplifier circuit; and 
said first switch circuit selects the output volt- 
age from said voltage dividing circuit and out- ss 
puts this at an initial state where said level 
value has not been stored in said memory 
area. 



3. An optical burst receiving apparatus according to 
daim 1 , wherein 

a main amplification gain control unit is further 
provided for controlling the amplification gain of 
said main amplifier circuit; 
the main amplification gain control unit con- 
tains an amplification gain control circuit which 
outputs a control signal for controlling the 
amplification gain of the main amplifier circuit; 
and 

the amplification gain control circuit is control- 
led in accordance with said level value stored in 
said memory/calculation circuit. 

4. An optical burst receiving apparatus according to 
daim 3, wherein: 

said main amplification gain control unit further 
contains an amplitude detection circuit for 
receiving as its inputs the level of said logic "1" 
and the level of logic "0" detected at said 
threshold control circuit and outputting an 
amplitude information based on the difference 
of these levels and contains a second switch 
circuit for selecting the amplitude information or 
said level value stored in said memory/calcula- 
tion circuit and outputting the same to said 
amplification gain control drcuit; and 
said second switch circuit selects said ampli- 
tude information from said amplitude detection 
circuit at the initial state where said level value 
has not been stored in said memory area and 
outputs the same. 

5. An optical burst receiving apparatus according to 
daim 1 , wherein: 

a pre-amplif ication characteristic control unit is 
further provided for controlling the amplification 
characteristics of said pre-amplifier circuit; 
the pre-amplif ication characteristic control unit 
contains a pre-amplif ication characteristic con- 
trol circuit which outputs a pre-ampliftcation 
control signal for controlling the amplification 
characteristics of said pre-amplifier circuit: and 
the pre-amplification characteristic control cir- 
cuit is controlled in accordance with said level 
value stored In said memory/calculation drcuit. 

6. An optical burst receiving apparatus according to 
daim 5. wherein: 

said pre-amplification characteristic control unit 
further contains a signal amplitude detection 
circuit which outputs an automatic gain control 
signal for performing automatic ^gain control of 
said preamplrfication circuit per se and con- 
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tains a third switch circuit for selecting the auto- 
matic gain control signal or said level value 
stored in said memory/calculation circuit and 
outputting the same to said pre-amplification 
characteristic control circuit; and 5 
said third switch circuit selects said automatic 
gain control signal from said signal amplitude 
detection circuit at an initial state where said 
level value has not been stored in said memory 
area and outputs the same. 10 

7. An optical burst receiving apparatus according to 
claim 5, wherein said pre-amplif ication characteris- 
tic control circuit controls 

15 

at least one of an open loop gain of said pre- 
amplifier circuit, a feedback resistor constitut- 
ing the pre-amplifier circuit, and a by-pass cur- 
rent flowing through a by-pass current source 
added to the input stage of the pre-amplifier cir- 20 
curt. 



detected for said currently received output sig- 
nal and the value of substantially a half of said 
difference to generate a threshold value; and 
a step of discriminating the logics "T and "O** of 
the cun^ently received output signal using said 
threshold value. 



8. An optical burst receiving apparatus according to 
claim 1. wherein further provision is made of at 
least two threshold control circuits having the same 25 
configuration as that of said threshold control cir- 
cuit; these threshold control circuits are commonly 
connected to said pre-amplifier circuit, said mem- 
ory/calculation circuit, and said main amplifier cir- 
cuit; and a plurality of said cell signals to be 3o 
continuously input are assigned to these threshold 
control circuits and processed in order. 



9. An optical burst receiving apparatus according to 
claim 1 . wherein at least one threshold control/main 35 
amplification stage comprising threshold control cir- 
cuits having the same configurant as that of said 
threshold control circuit and main amplifier circuits 
having the same configuration as that of said main 
amplifier circuit is connected in cascade to the out- 4o 
put side of said main amplifier circuit together with 
the memory/calculation circuits respectively 
accompanying the same. 

10. An optical burst receiving method conprising: 45 

a step of receiving optical cell signals at a light 
receiving element and generating electrical 
output signals: 

a step of detecting a level of the logic "1 " and a so 

level of the logic "0" of said output signal; 

a step of storing the detected level of said logic 

and the detected level of the logic "0"; 
a step of finding a value of substantially a half 
of the difference of the level of said logic **1" ss 
and the level of the logic "0** which are stored: 
and 

a step of adding the level of the logic "0" 
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(57) An office-side optical burst receiving apparatus 
in for example an optical PON transnnlssion system 
which solves the problem of reception failure due to a 
low frequency response, constituted by being provided 
with a pre-amplifier circuit for amplifying an output from 
a light receiving element, a main amplifier circuit for re- 
ceiving the output signal thereof and a threshold value 
as differential inputs and discriminating logics "1" and 
"0", a threshold control circuit having a "1" level detec- 



tion circuit and a "0" level detection circuit of the output 
signal, and a memory/calculation circuit for updating 
and storing the value regarding the level of the detected 
logic whenever a cell signal is received. It further con- 
tains an adder circuit which defines substantially a half 
value of a difference of levels of the logics "1" and "0" 
as a level value, adds the level of the logic "0" detected 
for the output signal now being received and the stored 
level, and applies the added value to the main amplifier 
circuit. 
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